Background: Bioprostheses for cardiovascular surgery have limitations in their use following as calicification. α-galactosidase epitope is known as a stimulant of immune response and then shows a progressing calcification. The objective of this study was to evaluate histologic characteristics and mechanical properties of decellularization and treated with α-galactosidase. Materials and Methods: Bovine pericardial tissues were allocated into three groups: fixation only with glutaraldehyde, decellularization with sodium dodesyl sulfate and decellularization plus treatment with α-galactosidase. We confirmed immunohistological characteristics and mechanical properties as fatigue test, permeability test, compliance test, tensile strength (strain) test and thermal stability test. Results: Decellularization and elimination of α-gal were confirmed through immunohistologic findings. Decellularization had decreased mechanical properties compared to fixation only group in permeability (before fatigue test p=0.02, after fatigue test p=0.034), compliance (after fatigue test p=0.041), and tensile strength test (p=0.00). The group of decellularization plus treatment with α-galactosidase had less desirable mechanical properties than the group of decellularization in concerns of permeability (before fatigue test p=0.043) and strain test (p=0.001). Conclusion: Favorable decellularization and elimination of α-gal were obtained in this study through immunohistologic findings. However, those treatment including decellularization and elimination of α-gal implied the decreased mechanical properties in specific ways. We need more study to complete appropriate bioprosthesis with decellularization and elimination of α-gal including favorable mechanical properties too.
INTRODUCTION
Clinically, prosthetic valves are the most widely used treatment for heart valve disease, and they can substitute for human valves in patients who need heart valve transplantation.
Bioprosthetic valves have notable advantages in terms of anti-coagulant therapy and blood dynamic properties, and their use is thus continuously increasing. Nevertheless, the durability of bioprosthetic valves is not yet satisfactory, and this is the essential factor to be overcome [1] . The possible rea-
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A recent study has shown that the α-galactosidase epitope (a typical heteroantigen presenting on the animal tissue surface) is present on bioprosthetic valves in clinical use. The study reported that the patients who received bioprosthetic valve transplantation showed an increase in plasma antibody levels of the α-galactosidase epitope. Thus, damage to bioprosthetic valves was closely linked with an immune response, especially with the animal immune response [4] . The α-galactosidase epitope is the carbohydrate ring present on the surface of the animal plasma membrane, and they are expressed in all mammals apart from primates [5, 6] . There is a difference in the levels of α-galactosidase epitope expression depending on the species, but the α-galactosidase epitope is well known for stimulating a strong immune response in primates [7] . Thus identifying methods of manufacturing clinically suitable bioprosthetic valves while minimizing both calcification caused by tissue fatigue and also the use of toxic fixation and heteroantigens is the focus of this study.
This study focused, more specifically, on identifying the optimal pericardium. Transfection of bacterial genetic recombinants of α-galactosidase into decellurized bovine pericardium was performed to remove the α-galactosidase epitope. Remaining heteroantigen expression and histological properties were examined by immunohistochemistry staining and mechanical examination investigated the physio-physical characterstics in great detail.
MATERIALS AND METHODS

1) Xenograft pericardium harvest
Under control of a veterinarian at the abattoir, a healthy bovine was killed and fresh pericardium was extracted. The pericardium was then put into cold phosphate buffered saline (PBS) solution (0.1 M, pH 7.4, 4°C), then transported to the laboratory in a cold ice box.
2) Decellularization and α-galactosidase treatment (1) General procedure: As soon as the pericardium arrived at the laboratory, the surrounding tissue was removed and washed in distilled water that had been pretreated with 0.1% phosphate buffered saline and 4% ethanol for 1 hour. The pericardium was then washed with fresh distilled water for 3 hours. Decellularization of the right pericardium was performed in a rotating shaker.
First, the pericardium was placed in a 4°C hypotonic solution (Tris, 10 mmol/L; ethylendiamine tetra acetic acid
[EDTA], 0.05%; aprotinin, 5 KIU/mL; Neomycin trisulfate 50 mg/L; pH 8) for 16 hours then placed in 0.25% sodium dodesyl sulfate (SDS)-treated hypotonic solution for 24 hours.
After that, the pericardium was treated with hypertonic solution (Tris, 50 mmol/L; NaCl, 0.15 mol/L; EDTA, 0.05%; aprotinin, 5 KIU/mL; Neomycin trisulfate 50 mg/L; pH 8) at 4°C for 8 hours. Thereafter, the pericardium was stored in a 4°C of isotonic solution for 16 hours, and this was the period in which α-galactosidase (0.1 U/mL) was added to certain designated pericardium fragments. Finally, the pericardium was washed with PBS solution for 1 hour at room temperature.
(2) α-Galactosidase treatment: In this experiment, DNA recombinant α-galactosidase was provided by Seoul National University Microbiology Laboratory and the following steps show the methodology of obtaining α-galactosidase: from Bacteroides thetaiotamicron (B. thetaiotamicron) genomic DNA, the α-galactosidase gene (BtGal 110B) was amplified and separated using polymerase chain reaction. Then the separted α-galactosidase gene was applied to the C-terminal of the pET28a vector, which would express histidine at the C-terminal. Afterwards, the vector was transfected into Escherichia coli (E. coli) Rosetta 2 (DE3) (Novagen, Madison, WI, USA). In order to confirm transfecton, DNA sequencing with the 377 ABI Prism instrument (Applied Biosystems, Foster City, CA, USA) was used.
E. coli was incubated in pretreated Luria Bertani media with 34 μg/ mL chloramphenicol and 30 μg/mL kanamycin at 37 o C, in 200 rpm up to (A 600 nm of 0.6 to 0.8) in exponential steps. Then 1 mM isopropyl-1-thio-β-D galactopyranoside was added and it was incubated for another 4 hours.
The incubated E. coli was centrifuged for 15 minutes, then resuspended with lysis buffer (50 mM NaH2PO4, 300 mM NaCl, and 10 mM imidazole), and the E. coli cell wall was 
3) Fixation
Control pericardium (cellurized but not treated), decellurized pericardium, and α-galactosidase treated on decellurized pericardium were fixed using the same procedure. 
5) Optical microscope examination
After completing the treatment of the pericardium, they were fixed with a 10% formalin solution. Paraffin embedding tissues were made and sliced into 2 to 4 μm sections. They were then stained with hematoxylin-eosin and Masson's trichrome to be observed under the microscope.
6) Electron miscroscope examination
Electron microscope examination required slicing the tissue 
7) Fatigue test
A circular device 25 mm in diameter was designed and constructed in order to carry out the experiment. It was used to apply a pulsating pressure to one side of the pericardium fragment. This setting allowed reproduction of the physiological environment in which pericardium is transplanted for use as valve. Hence, the device could reproduce pulsating pressure from 0 to 180 mmHg. In this experiment 240 rpm, which is 4 Hz and human physiological internal pressure of 80 mmHg were used for 49 days to carry out the fatigue test.
8) Permeability test
When the processes ofdecellurization, fixation, and storage were completed for the pericardium, 100 mmHg of pressure was applied for 1 hour on one side of the pericardium in physiological saline. Then the volume of saline that had penetrated through the pericardium was recorded in units of mL/hrㆍcm 2 . The difference in permeability could be interpreted as the association between colloidal transformation within tissue (permanent stretching of collagen fiber and the potential appearance of a gap).
9) Compliance test
As soon as the pericardium decellurization, fixation and storage processes were complete, different pressures were applied to the pericardium in physiological saline. The 120,
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10) Tensile strength and strain tests
The collagen fibers of the bovine pericardium are not ar- 
11) Thermal stability examination
A pericardium fragment was cut to 8×30 mm and 95 g of tension was constantly applied. Afterwards, the fragement was put in 55 o C distilled water and the water temperature was increased at a rate of 2.5 o C/min. The temperature at which the heterotransplanted pericardium fragment contracted rapidly was noted for each group and comparisons were made.
12) Statistics
A Kruskal-Wallis test was used to examine the differences in each interval, and statistical significance was evaluated using the Mann-Whitney U-test. Pre-and post-fatigue results within the group were compared using a Wilcoxon signed rank test. The confidence interval was set at 95%.
RESULTS
1) Microscope observation
Hematoxylin and eosin (H&E) stained slides of the pre-fatigue test results were as follows ( (1) Results of electron microscope observation: The result of the pre-fatigue test is shown in Fig. 5 . Little differ- ence between electron micropy results was visible to the naked eye. However, the density of the structures were shown to be lowered in the decellurized and α-galactosidase-treated samples compared the ones that were only fixed. The electron microscope results of the post-fatigue test is shown in Fig. 6 .
Generally, collidal density was lower in the decellurized and
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2) Mechanical test results (1) Permeability test:
The pre-and post-fatigue test results are shown in Table 1 , respectively. Each permeability group showed a significant difference in both pre-and post-fatigue tests (pre-fatigue test p=0.01; post-fatigue test p=0.024).
Specifically, the permeability of the fixed and decellurized groups in the pre-fatigue test showed a significant difference (p=0.02) and that of the decellurized and α-galactosidase-treated groups was significantly different as well (p=0.043). The permeability after the fatigue test showed a significant difference betweeen the fixed and decellurized groups (p=0.034), but no significant difference was observed between the decellurized and α-galactosidase-treated groups (p=0.289).
(2) Compliance test:
The compliance test results before and after the fatigue test are shown in Table 2 , respectively.
Before the fatigue test, there was no significant difference in compliance between the groups (p=0.092). However, compliance after the fatigue test among the three groups showed a significant difference (p=0.029). Notably, the fixed and decellurized groups after the fatigue test showed a significant difference in compliance but no difference was observed between the decellurized and galactosidase treated groups (p=0.372). Table 3 .
Recording of the elasticity and tension after the fatigue test could not be performed due to the size of the pericardium fragment. The tension test showed a significant difference in each of the three groups (p=0.00). In particular, there was a significant difference between the decellurized and fixed group but no significant difference was observed between the decellurized and α-galactosidase-treated groups (p=0.705).
The elasticity test also showed a significant difference in each of the three groups (p=0.00). Unlike the previous test, there was a significant difference between the decellurized and The results of decellularization and α-galactosidase on bovine pericardium ΔV/ΔP, diffrence ratio of volume and pressure; SD, standard deviation; GA fix, glutaraldehyde fixation; D, decellularization.
α-galactosidase-treated groups (p=0.01), but no significant difference was noted between the fixed and decellurized groups. Tensile stress at break (kgf/5 mm width).
Tensile strain at break (%). Generally, the methodology of fixing and preserving prosthetic tissue in GA is widely used. This allows the tissue's collagenous fibres to maintain stable cross-links with GA and to produce GA polymer at the surface. The polymer reduces the immune response and enzyme degradation of the prosthetic tissue [8] . There is a change in transplanted tissue properties according to the GA concentration used for fixation [9] . When it has been fixed by GA, tissue calcification and toxifcation present some problems [10] . There are several methods for removing α-galactosidase antigen determinant epitope, which is present extensively on the surface of the cells. α-Galactosidase can be used to eliminate cell surface presenting α-galactosidase antigen determinant epitope or alpha-1,3 galactosyl transferase which synthesizes α-galactosidase antigen determinant epitope can be removed by α-galactosidase knockout [13, 14] . Using an α-galactosidase knockout pig would mimize peracute rejection in the organ as well as valve tissue; therefore, the organ could be transplanted to the patient safely. However, this technique is not economical.
Using enzmes to eliminate animal α-galactosidase antigen determinant epitope is relatively simple and inexpensive, but there is a re-expression of α-galactosidase antigen determinant epitope in living tissue [15] . Thus, if research is based
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As Nevertheless, when the samples were decellurized and α-galactosidase antigen was removed, there was a reduction in permeability, compliance, tension, and elasticity compared to the samples that were only fixed. Also, in the permeability test, there was a greater increase in the permeability when the samples were either decellurized or decellurized along with the eliminatation of α-galactosidase before the fatigue test.
There was no significant difference in the compliance test or tension test compared to the decellurized group. On the other hand, there was a significant reduction in elasticity compared to the decellurized group It was thus found that α-galactosidase antigen determinant epitope affected the physical properties of the pericardium; in particular, the elasticity and permeability were significantly decreased. Therefore, more research must be performed to find a method for removing antigen determinant epitope from pericardium while maintaining its physical properties. Furthermore, quantitative study on improving α-galactosidase treatByoung-Ju Min, et al − 378 − ment to increase its immunological properties is also needed.
Regarding the thermal stability test, the three groups showed no significant differences and the observed results were stable.
CONCLUSION
The following conclusions could be made from this study.
Decellurization with SDS is effective and this was proven by microscopic examination. The GA-fixed group showed a significant decrease in permeability, compliance (after the fatigue test), and tensile strength. After removing α-galactosidase antigen determinant epitope, treated pericardium showed a significant decrease in permeability (before the fatigue test results) and in elasticity compared to the decellularized group.
Bacteria recombinant α-galactosidase was shown to be effective under light microscope examination. Thermal stability remained constant, not depending on the presence of α-galactosidase antigen determinant epitope.
